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Our laboratory has made two major achievements. First, we have found that fetal and adult
hematopoietic stem cells have different developmental potential to differentiate into lymphocytes.
Second, we have demonstrated that interleukin-7 (IL-7) controls DNA recombination of
lymphocyte antigen receptor genes by changing chromatin structure. Both of them are related with
fundamental questions in medicine and biology.

Based on these findings, we are now pursuing research on development and regulation of the
immune system, focusing on the following questions: (1) molecular mechanism of lineage decision
of immune cells from hematopoietic stem cells; (2) control mechanism of lymphocyte antigen
receptor genes by chromatin structural changes; (3) regulation of immune response by controlling

cytokine receptor expression.
1) Regulation of TCRy Enhancer by STATS: S. TANI-ICHI and K. IKUTA

The IL-7 receptor (IL-7R) plays an essential role in y0 T cell development by inducing V-J
recombination in the T cell antigen receptor (TCR) y locus. Previously, we have shown that STATS
activated by the IL-7R recruits transcriptional coactivators to Jy promoter, and controls the
accessibility of the TCRy locus by histone acetylation. Although STATS binds to and regulates Jy
region, germline transcription was impaired at the whole TCRy locus in IL-7-deficient mice. This
result suggested that the IL-7R plays an essential role in the locus-wide control of the TCRy locus.
To elucidate its mechanism, we first examined the changes of histone acetylation in pre-T cell line,
SCID.adh with IL-7 stimulation. IL-7 induced histone acetylation at 3’ enhancer (Ey), and
constitutive-active STATS induced its histone acetylation. Ey contains a STAT consensus motif
highly conserved between human and mouse. STATS5 binding was detected by EMSA and ChIP
assay in SCID.adh cells and RAG2™ thymocytes after IL-7 stimulation. Previously, it was reported
that Runx binds to Ey and is essential for enhancer activity. We found that STATS augmented
Runx-dependent enhancer activity of Ey by reporter assay. These results suggest that IL-7/STATS

signal may enhance germline transcription of TCRy genes by augmenting the Ey activity.
2) Accessibility Control of the Vy Region by STATS: S. TANI-ICHI and K. IKUTA

Previously, we have shown that STATS binds to the Jy promoter and controls chromatin
accessibility by histone acetylation. However, little is known on the accessibility control of Vy
region. To elucidate the regulation by STATS, we first analyzed the chromatin status of Vy region

in cytokine-dependent hematopoietic cell lines. The levels of histone H3 acetylation and germline



transcription are high at Vy5 and HsA and intermediate at Vy4 in IL-3-dependent Ba/F3 cells. We
observed similar patterns of germline transcription in other cytokine-dependent hematopoietic cell
lines. The histone acetylation and germline transcription in Vy region are induced by cytokine
signal and STATS5 in BaF3 cells. Importantly, we showed that the chromatin accessibility of Vy5
gene is increased by cytokine signal. Although STATS weakly binds to the motifs in both the Vy5
promoter and HsA in vitro, it is recruited only to the endogenous HsA chromatin by cytokine
stimulation in vivo. In accordance with this result, STAT5 does not directly activate the Vy5
promoter by reporter assay. We further showed a bimodal pattern of histone acetylation at Vy5 and
HsA, suggesting that the histone acetylation is discontinuous between the Vy5 promoter and HsA.
Finally, we observed that Vy2 gene shows higher levels of histone acetylation and germline
transcription than other Vy genes in RAG-2 knockout thymocytes. Thus, this study implies a
potential role of STATS in accessibility control of Vy region.

3) MEK1/2 Induces Germline Transcription of the TCRy Locus by STATS Activation in IL-7
Receptor Signaling: K. MAKI and K. IKUTA

Although the tyrosine residues in the intracellular domain of the mouse IL-7R a-chain (IL-
7R0) have been implicated in STATS activation, it is still enigmatic whether the residues are
essential for yd T cell development. In this study, we showed that the tyrosine residues of IL-7Ra
are dispensable for y0 T cell development, because the mutant IL-7Ra with four tyrosine residues
replaced with phenylalanine in the intracellular domain (IL-7R-FFFF) partially rescued y0 T cell
development from IL-7Ra” progenitors. To examine the signal pathway by IL-7R-FFFF, we
introduced a chimeric receptor consisting of human IL-4R a-chain and mouse IL-7R-FFFF (4R/7R-
FFFF) into an IL-7-dependent pre-B cell line, preBR1. We found that 4R/7R-FFFF induced TCRy
germline transcription and STATS activation. In addition, we found that the treatment with MEK1/2
inhibitor, U0126, significantly decreased the levels of TCRy germline transcription and STATS
tyrosine phosphorylation by 4R/7R-FFFF, suggesting that MEK1/2 plays an alternative role in
STATS activation by IL-7R. MEKI1/2 associated with STATS, and induced its tyrosine
phosphorylation and DNA binding activity in HEK293T cells. Furthermore, MEK1 directly
phosphorylated the tyrosine residue of STATS in vitro. Finally, active MEK1 partially rescued
TCRy germline transcription by IL-7R in a pre-T cell line, Scid.adh. These results demonstrated
that MEK1/2 induces TCRy germline transcription by phosphorylating STATS through IL-7R-FFFF.
Thus, this study implies the potential role of MAPK in alternative activation of STATS.

4) Transcriptional Activation of Mouse TCR Jy4 Germline Promoter by STATS: N. MASUI,
S. TANI-ICHI, K. MAKI and K. IKUTA



Although a STAT motif is present in Jy4 germline promoter, it is still unknown whether
STATS regulates the transcription of the Jy4 promoter. Here, we showed that cytokine stimulation
induced Jy4-Cy4 germline transcripts in a pre-T cell line, Scid.adh, and a hematopoietic cell line,
Ba/F3. A STAT consensus motif was present in 5' region of Jy4 gene segment. We found that
STATS bound to the STAT motif of the Jy4 germline promoter in vitro by gel shift assay. In
addition, we detected by chromatin immunoprecipitation assay that STATS was recruited to the
endogenous Jy4 chromatin in Ba/F3 cells after cytokine stimulation. Finally, using reporter assay,
we showed that the Jy4 germline promoter was activated by STATS and that mutation in the STAT
motif abrogated the activity. Furthermore, this transactivation was augmented by transcriptional
coactivators, CBP and p300. Collectively, these results demonstrate that STATS binds to the STAT
motif in the Jy4 promoter and induces germline transcription. Thus, this study indicates that the IL-

7R/STATS signal controls the transcription and accessibility of different clusters in the TCRy locus.

5) Physical and Functional Interactions between STATS and Runx Transcription Factors: S.
OGAWA and K. IKUTA

The signal transducers and activators of transcription (STAT) and the Runt-related (Runx) are
two of major transcription factor families that play essential roles in lymphocyte development.
Although the interaction of Runx2 with STAT1 and STAT3 has been reported before, the
interaction between STATS and Runx family proteins has not been characterized. In this study, we
first showed that STATS physically interacts with Runxl, Runx2, and Runx3 by co-
immunoprecipitation experiments. The Runt domain of Runx proteins and the DNA binding domain
and o-helix loop structure of STATS are responsible for the interaction. When expressed in CHO
cells, STATS inhibits the nuclear localization of Runx proteins and retains them in the cytoplasm.
In addition, we showed by reporter assay that the interaction between STATS and Runx proteins
mutually inhibits their transcriptional activity. Furthermore, Runx proteins inhibit the DNA binding
activity of STATS. Finally, we found that Runx proteins suppress the transcription of an
endogenous STATS target gene, cytokine-inducible SH2 protein-1, in an interleukin-3-dependent
pro-B cell line, Ba/F3. These results collectively suggested that STATS and Runx proteins
physically and functionally interact to mutually inhibit their transcriptional activity. Thus, this study

implies a potential role of the STATS5-Runx interaction in lymphocyte development.
6) Monoclonal Antibodies against a Novel Protein, U7, Expressed in Cancer Cells: M. UEDA
Proteins from human bladder cell carcinoma and non-carcinoma tissue were analyzed by 2-D

gel electrophoresis. We found a novel protein, tentatively named U7, which was highly expressed in

bladder tumor cells. From the human genome database and proteome analysis, the U7 protein was



encoded by C7orf24 gene. No other human gene beyond 20% homology was found. By the PCR
analysis, the U7 protein was detected in various tumor and embryonic cells as well as bladder tumor
cells. To detect the U7 protein in tumor cells, monoclonal antibodies were established with GST-U7
fusion protein synthesized in E. coli. Six independent clones specifically reacted to the U7 protein,

and three of them could be used in Western blot analysis.
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